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ABSTRAcr 
Faotors Influenoins Herbaceous Layer Ve1etation 
of a Central Appalachian Hardwood Forest Ecosystem 
by 
Nicole Leigh Turrill 
The herb layer (vascular plants ~1 m in height) of montane forests 
responds to a var_iety of environmental gradient condi tiona. This study 
compared herb layer characteristics, soil fertility, and plant-soil 
nutrient interactions of two young (~20 yr) and two mature (~>70 yr) 
watersheds of the Fernow Experimental Forest, Parsons, West Virginia. 
Fifteen 0.04-ha circular plots were established in each of four 
watersheds [WS4 control, >80 yr; WS13 select cut, >65 yr; WS3 clearcut, 
~20 yr; WS7 clearcut/herbicide, ~20 yr] to sample the extremes o~ 
watershed elevation and aspect. Cover (%) was measured for all vascular 
species (~1 m in height) within 10 1-m2 subplots in each plot. The two 
subplots with the greatest cover per plot were harvested for biomass. 
Harvested material was separated by species, oven-dried, and weighed. 
Regressions of cover and biomass were used to estimate biomass for 
nonharvested subplots; cover was significantly correlated with biomass 
(r2=0.62). One 10-cm soil sample was taken from each harvested subplot. 
Tissue and soils were analyzed for nutrient concentrations. All living 
woody stems 22.5 em diameter breast height (dbh) were measured for dbh 
and categorized as overstory (>10 em dbh) or understory. 
Herb layer cover was significantly higher on WS7 (37.5%) due to an 
abundance of Dryopteris marginalia and Polysticbum acrostichoides on 
this watershed. Herb layer cover on WS4, WS3, and WS13 was 26.4, 19.3, 
and 17.9%, respectively. Herb layer biomass was highest on WS7 (18.5 
gjm2) followed decreasingly by WS4 (13.3), WS3 (9.7) and WS13 (9.1). 
Herb layer vegetation of WS4, WS3, and WS13 was dominated by Laportea 
canadensis, ~ pensylyanicum, and YiQla spp. Mean values for species 
richness (~3.8 species;m2/plot) and diversity (H~=~1.7) were comparable 
among the watersheds. 
Soils of all watersheds were acidic sandy loams of similar 
fertility. Canonical discriminant analysis (CDA) of soil physical and 
chemical properties revealed that WS13 soils were distinctly lower in 
clay and N03-N content compared to the other watersheds. CDA of herb 
layer tissue nutrients showed that herbaceous species were higher in N, 
K, and Mg than woody herb layer species. Correlations among herb layer 
tissue nutrients showed significant relationships between N:P (all 
watersheds), Mg:Ca (WS3 and WS13), and N to base cations (WS3, WS4, and 
WS13), suggesting N-limitation in these forest soils. Strong 
correlations between soil and tissue nutrients were seen only on WS3 and 
WS4, yet soil nutrient availability appeared to greatly influence herb 
layer species niche differentiation. 
Principal component analysis (PCA) of individual watersheds based 
on plot soil and canopy data and correlating cover to each PCA axis 
revealed that herb layer cover was negatively correlated with canopy 
characteristics (e.g. understory density) on WS4 and WS13 and positively 
correlated with soil nutrients (e.g. Mg, Mn, Zn) on WS3 and WS7. 
Relative importance of herb layer vegetation shifted from high 
herbaceous species, low woody species cover in the younger stands to 
increased woody species cover in the mature stands. These data suggest 
that in early forest succession, light availability is relatively high 
and uniform and herb layer development is nutrient-limited with 
herbaceous species out-competing woody species for available nutrients. 
In later stage~ of succession, as canopy stratification and closure 
increase, the herb layer becomes limited by light availability and woody 
species are superior competitors. 
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Chapter I 
INTRODUCTION 
This thesis is one of two examining the herbaceous layer of the 
Fernow Experimental Forest, Parsons, West Virginia. Both of these 
studies are part of a current U.S.D.A. Forest Service project observing 
herb layer response to experimental acidification. The first thesis 
describes species composition of all forest strata of three watersheds, 
two young (~>20 Yr) and one mature (>85 yr), of the Fernow with 
particular attention paid to factors influencing herb layer community 
development (Aulick 1993). The present study describes herb layer and 
soil characteristics as well as plant-soil nutrient interactions with an 
emphasis on how these factors vary with stand age and history. The 
objectives of the present study are: 
(1) to characterize herb layer species composition, 
richness, diversity, cover, and biomass of young vs mature 
watersheds; 
(2) to describe soil fertility by comparing physical and 
chemical characteristics of watershed soils and herb layer 
tissue elemental composition; 
(3) to evaluate the role of soil nutrient availability in herb 
layer species niche differentiation, and 
(4) to determine how canopy and soil factors influence herb 
layer development. 
The herb layer, defined as those vascular plants i1 m in height 
(Gilliam and Christensen 1988; Rogers 1985), is an important and dynamic 
forest stratum. Herb layer vegetation of montane forests responds to 
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several environmental factors including soil moisture (often related to 
soil texture), soil fertility (Graves and Monk 1982; Chapin 1980; 
Bratton 1976; Siccama et al. 1970), and light availability, generally a 
function of canopy closure (Phillips and Shure 1990; Anderson et al. 
1969). Herb layer development is also strongly affected by canopy 
characteristics including stand species composition, density, and basal 
area, as well as microtopography (mounds and pits) and gaps created by 
tree fall (Phillips and Shure 1990; Beatty 1984; Ford and Newbould 1977; 
Struik and Curtis 1962). Herb layer dynamics are so dependent upon 
ongoing changes in environmental factors that terms such as "stable" or 
"climax" are rarely used to describe this forest stratum (Davison and 
Forman .1982). 
Herb layer productivity and nutrient content are often indicative 
of soil fertility (Gilliam 1988; Peterson and Rolfe 1982; Chapin 1980). 
Herb layer vegetation is of great importance in minimizing nutrient loss 
(Vitousek and Reiners 1975) and re-establishing stand structure (Wilson 
and Shure 1993) in early successional forests. Species interactions 
vary with stand age such that early successional herb layer species have 
broad niche requirements and are nutrient-limited whereas species niche 
is much more narrow in late successional stages and species tend to be 
limited by light availability (Gilliam and Turrill 1993; Tilman 1986; 
Parrish and Bazzaz 1982). Competition for available resources within 
the herb layer can determine the success of transient species occupying 
higher forest strata (e.g., overstory, understory and shrub strata) 
(Gilliam and Turrill 1993). 
Chapter II 
MA'l'IRIALS AND MI'I'HODS 
Study Site 
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The Fernow Experimental Forest (FEF), Parsons, West Virginia 
(Tucker County) is located in the Allegheny Mountain section of the 
unglaciated Allegheny Plateau (Forest Service 1987). The forest is part 
of the mixed mesophytic association which occupies the geographical 
center of the deciduous-forest region (Greller 1988; Brat.m 1950). 
Elevation ranges from 533-1112 m with common slopes of 20-30 percent 
(Forest Service 1987). The FEF was established in 1934 as a 1900 ha 
outdoor laboratory of the U.S.D.A. Northeastern Forest Experiment 
Station. Primary research concerns are the growth and culture of 
central Appalachian hardwoods and the protection of water resources in 
central Appalachian forests. Currently, the impact of forest management 
on water resources and acid deposition are identified for high priority 
research (Forest Service 1987). 
Climate 
The forest experiences a typically cool and rainy climate with a 
frost-free season of about 145 days (Forest Service 1987). Average daily 
maximum and minimum temperatures for the year are 17.8° and 3. 9° C, 
respectively (U.S.D.A. 1967). Winters are long in this area with the 
coldest temperatures typically recorded between December and February 
(U.S.D.A. 1967) (Fig. 1). Precipitation averages -145 cm/yr, occurs 
mostly during the growing season (Fig. 2), and is acidic 
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(pH=4.19) (Gilliam 1992). The area experiences an average of 37 days 
· with snow cover with most snowfall occurring in December and January 
(U.S.D.A. 1967) .. 
Geology and Soils 
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Soils of the study area are mostly Inceptisols of the Calvin and 
DeKalb series derived from acid shale and sandstone of the Hampshire 
series (Forest Service 1987). These Calvin and DeKalb soils are 
typically 1 m deep, moderately permeable, and well drained (Forest 
Service 1987; U.S .. D.A. 1967). In addition, both series are strongly 
acidic with moderate natural fertility and are suited for the growth of 
wild upland herbaceous and hardwood plants. Soils of t4e Calvin series 
are reddish brown to dark brown, silty or silty clay loams derived from 
sandstone and acid shales. DeKalb soils develop on uplands in acidic, 
gray material weathered from sandstone and siltstone. DeKalb soils are 
found in steep areas, often covered with a considerable amount of stones 
and boulders, and have a loamy texture (U.S.D.A. 1967). 
Study Watersheds 
The four watersheds selected for study (WS3, WS4, WS7, and WS13) 
are adjacently located in the central part of the forest (Fig. 3). All 
four watersheds have well developed canopy and herbaceous layers and 
poorly developed shrub layers. The watersheds are composed of mixed 
hardwood stands including Betula lenia, Liriodendron tulipifera, 
Sassafras albidum, ~ saccharum, Prt1nus serotina, and Quercus ~ 
(Wendel 1987). Herbaceous species commonly encountered include YiQ1a 
spp., Laportea canadensis, Dryopteris marginalia, Polysti6hum 
acroatichoides, and~ spp. (Gilliam and Turrill 1993; Wendel 1987). 
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The study watersheds fall into distinct groups based on stand age; 
WS4 and WS13 are mature stands (>~70 yr) compared to WS3 and WS7 (~>20 
yr). In addition, the watersheds form two divisions based on overall 
watershed aspect such that a young and mature pair faces southeast (WS3 
and WS4) and the other pair faces northeast (WS7 and WS13) (Table l)_ 
WS4 is the largest of the study watersheds followed decreasingly by WS3, 
WS7, and WS13 (Table 1). All watersheds are comparable in elevation 
with an average range of 725-870 m (Table 1). 
Treatment history varies widely among these watersheds. WS4, the 
control watershed for the FEF, received a selection cut in 1910, dead 
Castanea dentata were removed in the 1930's, and has received no 
treatments since. WS13 was select cut in approximately 1925 and 
received an aerial application of Diflubenzuron (0.07 kgjha) in May 1992 
as part of gypsy moth control research. WS3 was clearcut to 2.5 em 
diameter breast height (dbh) in 1970 and has received aerial 
applications of (NH4)2S04 at double ambient deposition rates three 
times/yr (36 kg N/ha/yr and 40 kg S/ha/yr) (M.B. Adams, pers. comm.) 
since 1989 as part of the U.S.D.A. Forest Service Watershed 
Acidification Study. WS7 was clearcut in 1963-1967 and maintained 
barren with herbicides (primarily 2-.4-5-T, 2-4-D, and Dalapon) tmtil 
late 1969 (Kochenderfer and Wendel 1983). 
Plot Location and Sampling 
Fifteen circular 0.04-ha sample plots (radiua=11.3 m) were 
established in each watershed to sample the extremes of elevation and 
aspect. Plots on WS3 and WS4 were located adjacent to existing 
lyatmeters (Appendix I, Maps 1 & 2) whereas those of WS7 and WS13 were 
Table 1. Physical characteristics of four watersheds of the Fernow 
Experimental Forest, Parsons, West Virginia. 
Parameter ----------------Watershed--------------
WS4 WS13 WS3 WS7 
Stand Age (yr) >80 >65 >20 >20 
History select cut select cut clearcut clearcut 
control (NH4)2S04 herbicide 
Area (ha) 38.7 14.2 34.3 24.2 
Aspect S-SE E-NE s E-NE 
Elevation (m) 750-870 735-805 735-860 725-850 
10 
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located similarly with respect to elevation and aspect (Appendix I, Mapa 
3 & 4). Ten circular 1-m2 subplots were located within each sample plot 
by a randomized polar coordinate method to avoid over-sampling the inner 
one-half of the plot (Gaiser 1951). Within each of the 60 sample plots, 
all living woody stems 22.5 em dbh were noted for species and 
categorized as overstory (>10 em dbh) or understory. All vascular 
plants (~1m in height) within the 600 subplots were recorded as to 
species and visually estimated for cover (%). Two subplots with the 
greatest cover p~r sample plot were harvested for biomass. Harvested 
material was separated by species, oven dried, and weighed. One soil 
sample was also taken to a depth of 10 em from each of the 120 harvested 
subplots. Sampling was conducted 14-17 July 1991 for all of WS3, WS4, 
and 10 plots of WS7. Sampling was completed 4-5 July 1992 on WS7 (5 
plots) and WS13. Five plots of WS7 were sampled in 1992 due to an error 
in plot location. WS13 was added to the project in 1992 to provide an 
additional mature watershed. 
Laboratory Analysis 
Soil samples were sieved to pass a 2-mm screen and air-dried. 
Texture was determined by the hydrometer method (Bouyoucos 1951) .. 
Nutrient analyses were conducted on each soil sample at the University 
of Maine Soil Testing Service and Analytical Lab, Orono, Maine. Water 
pH was measured with a glass electrode. Extractable (available) Ca, K, 
Mg, P, ~1 Fe, Mn, and Zn were determined with plasma emission following 
extraction with pH 4.8 ammonium acetate [Modified Morgan extraction 
method (Anonymous 1991)]. N03-N and NH4-N were measured by flow-
injection (colorimetric) analysis following extraction [1:10 (w:v)] with 
12 
1 N KCl. Soil organic matter was measured as percent loss on ignition 
by igniting sub-samples at 550° C for 5 hours. Cation exchange capacity 
(CEC) was estimated by summation of exchangeable acidity and extractable 
Ca, K, and Mg. 
Harvested plant tissue was ground in a Wiley Mill to pass a 40 
mesh screen. Nutrient analyses were conducted on each tissue sample at 
the University of Maine Soil Testing Service and Analytical Lab, Orono, 
Maine. Macro- and micronutrient concentrations were determined by 
plasma emission following dry-ashing and extraction with HCl and HN03. 
Total Kjeldahl-N was determined with an auto-analyzer following tube 
digestion with H2S04 and KzS04/CuS04. For quality control, a NBS 1572 
Citrus Leaf standard was used every 36 samples and three samples were 
randomly replicated per group of 36. 
13 
Chapter III 
CANOPY AND HERB LAYER V!GETATION 
Introduction 
Herb layer vegetation of Appalachian deciduous forests is 
typically well-developed and high in species richness (Greller 1988). 
Stand age and history are known to influence herb layer cover, 
composition, species diversity, and species richness (Duffy and Meier 
1992; Albert and Barnes 1987; Peterken and Game 1984; Davison and Forman 
1982; Brewer 1980), although patterns of such influence can be quite 
site-specific. Canopy factors such as composition, density, basal area, 
and microtopography (mound and pits) and gaps, both created by tree 
fall, also affect herb layer development (Beatty 1984; Ford and Newbould 
1977; Struik and Curtis 1962). 
A floristic study of three watersheds of the Fernow Experimental 
Forest (WS3, WS4, and WS7) identified 205 species with several potential 
community types based on habitat (ridgetop, stream bank, stream bed, 
slope, and disturbed areas) (Aulick et al. 1993). The authors reported 
that dominant, high cover herb layer species (Laportea canadensis and 
Y1Qla spp.) were more abundant at higher elevations whereas other 
important fern species (Dryopteris marginalia and Polysticbum 
acrosticboides) were more prevalent at middle elevation ranges (Aulick 
et al. 1993). The purpose of this chapter is to describe canopy and 
herb layer characteristics with respect to stand age and history. 
Specific comparisons discussed are (1) canopy stratification and species 
composition, and (2) herb layer species composition, richness, 
diversity, and cover. 
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Data Analysis 
Mean overstory and understory basal area (m2/ha) and density 
(# stems/ha) values were obtained by plot for each watershed. 
Importance values of canopy species were calculated as relative basal 
area plus relative density per watershed. Importance values for herb 
layer species were calculated as relative cover plus relative frequency 
per watershed. Species diversity was obtained with the Shannon Wiener 
Index using natural log transformations of cover values (Barbour et al. 
1987). Relationships of herb layer cover, species richness and 
diversity were determined with Pearson product-moment correlations (Zar 
1973)-
Herb cover and biomass regressions were generated from 120 
harvested subplots and used to estimate biomass based on cover values of 
individual species. Cover and biomass were summed for all species by 
subplot and averaged to give mean cover (%) and biomass (gjm2) per plot. 
Plot values were averaged to give mean cover and biomass per watershed. 
All means were compared between watersheds with analysis of variance 
(Zar 1973). 
Results and Discussion 
Canopy Characteristics 
The differences in mature vs young canopy characteristics 
coincided with results of Albert and Barnes (1987). The mature 
watersheds (WS4 and WS13) were characterized by fewer, larger stems 
compared to the young watersheds (WS3 and WS7) which had a greater 
number of smaller stems (Table 2). Changes in canopy dominance from 
young to mature stands (Table 3) are were in agreement with Gilliam and 
15 
Table 2. Characteristics of canopy vegetation of fotw watersheds of the 
study watersheds. Values given are means ± 1 SE. Means for a given 
character with different superscripts are significantly different at 
P<0.05. 
Variable 
Basal Area 
Total 
Over story 
Understory 
Density 
Total 
Watershed 
WS4 WS13 WS3 WS7 
--------------------------m2/ha----------------------------
40.0±2.5a 45.5±2.5a 25.0±o.ob zo.o±o.ob 
37.5±2.5a 32.5±2.5a 20.0±2.5b 15.0±o.ob 
2.5+o.oa 2.5±o.oa s.o±o.ob 2.5±o.ob 
--------------------------#/ha-----------------------------
947.5±57.5a 760.0±65.oa 2410.0±130.ob 1787.5±82.5c 
Overstory 375.0±27.5a 
Understory 572.5±6o.oa 
402.5±25.oa 
357.5±57.5a 
937.5± 32.5b 702.5±37.5C 
1472.5±125.ob 10B2.5±75.oc 
16 
Table 3. Important canopy species of four watersheds of the study 
watersheds. Importance value (IV) calculated as relative basal area 
plus relative density. Nomenclature follows Gleason and Cronquist 
(1991). 
Species 
AQer pensvlvanicum. 
A. saccharum. 
Aralia spinosa 
Betula .l.ent.a 
~ graadifolia 
Fraxinus americana 
.E. pensylvanica 
Liriodendron tulipifera 
Magnolia acuminata 
NYas.a sylyatica 
Qxydendrum arboreum 
Erunus serotina 
Quercus Alba 
Q. prinus 
~-~ 
Robinia pseudoacacia 
Sassafras albidum 
T.ilia americana 
-------------------IV------------------
WS4 
9.66 
74.66 
18.67 
2.15 
5.14 
5.49 
13.07 
8.31 
8.91 
43.60 
WS13 
104.68 
8.54 
3.79 
5.48 
8.23 
2.81 
26.15 
14.45 
17.16 
1.94 
WS3 
4.47 
33.69 
9.62 
7.89 
10.36 
10.32 
100.86 
11.44 
6.77 
0.72 
WS7 
4.40 
44.31 
3.52 
37.41 
12.27 
20.70 
51.04 
2.73 
11.52 
5.34 
Adams (1992) who suggest a successional sequence of Prunus serotina to 
~ saccharum in these forests. 
Herb Layer Characteristics 
Species Composition, Ricbness. and Diversity 
11 
Despite differences in stand age and history, the watersheds were 
remarkably similar in herb layer species composition, richness, 
diversity, and cover. A total of 85 species (57 herbaceous and 28 
woody) representing 43 families of vascular plants was encotmtered in 
the sample plots of all four watersheds (Appendix II). Laportea 
canadensis was the most important herb layer species on WS3 and WS4, 
whereas D. marginalia dominated WS7 and YiQla spp. dominated WS13 (Table 
4). Important species such as D. marginalia, L. canadensis, Smilax 
rot11ndifolia, and YiQla spp. were abundant on all watersheds (Table 4)~ 
similar to the findings of Albert and Barnes (1987), who reported few 
differences in herb layer composition between cut and uncut deciduous 
forests in Michigan. Hughes and Fahey (1991) determined that spatial 
distribution of herb layer species after clearcutting was strongly 
related to the presence and abundance of the species before canopy 
removal. Several dominant species, particularly ~ pensylyanicum, D-
cartbusiaoa, and E. acrostichoides (Table 4), all of which have well-
developed, preexistent root systems, showed such similarities in 
importance for adjacent young and mature watersheds in this study (WS3 
vs WS4; WS7 vs WS13). 
The four watersheds showed few differences in species richness 
with the exception of WS7 (Table 5). Species richness values obtained 
18 
Table 4. Important herb layer species of four watersheds of the Fernow 
Experimental Forest. Importance value (IV) calculated as relative 
frequency plus relative cover. Nomenclature follows Gleason and 
Cronquist (1991). 
Species 
Acer penaylvanicum 
A. saccharum 
Dioscorea quaternata 
Dryopteris marginalia 
D. carthusiana 
Laoortea canadensis 
Lycopodium digitatum 
Osmorhiza claytonii 
Panicum spp. 
Polystichum acrostichoides 
Polygonatum biflorum 
Prunus serotina 
~ app. 
Sassafras albidum 
Smilax rotundifolia 
licl.a spp. 
-------------------IV------------------
WS4 WS13 WS3 WS7 
15.46 
10.89 
7.88 
33.87 
10.95 
9.37 
9.34 
7.78 
9.34 
14.54 
19.01 
3.67 
11.10 
20.89 
4.67 
18.45 
11.01 
13.50 
8.45 
25.62 
14.69 
6.02 
6.20 
26.82 
6.69 
8.35 
13.17 
9.98 
21.25 
24.4 
52.79 
4.73 
7.17 
6.42 
17.19 
4.88 
10.18 
5.69 
7.50 
14.76 
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Table 5. Characteristics of herb layer vegetation of four watersheds of 
the Fernow Experimental Forest, Parsons, West Virginia. Values given 
and means ± 1 SE. Species diversity calculated with the Shannon Wiener 
Index using natural log transformations of cover values. Means for a 
given variable with different superscripts are significantly different 
at P<0.05. 
Variable ---------------Watershed---------------
WS4 WS13 WS3 WS7 
Herb Cover 26.4±4.3a 17.9±2.oa 19.3±3.7a 37.5±2.7b 
. (%) 
Herb Biomass 13.3±2.1a 9.1±0.9a 9. 7±1.8a 18.5±1.3b 
(gjm2) 
Species Richness 3.6±0.2a 3.9±0.2a 3.7±0.3a 5.0±0.3b 
(#/m2) 
Species Diversity 1.9±0.la 1.2±0.1b 1.9±0.la 1. 6±0 .1 a 
(H'") 
20 
inyhis study were less than the 5.5 species/m2 plot of a 55-yr old 
forest at Hubbard Brook Experimental Forest .CSiccama et al. 1970) and 
did not differ with stand age (Table 5). Similarly, Duffy and Meier 
(1992) showed poor stand age-species richness correlations in secondary 
southern Appalachian hardwood forests aged 45-87 yr. 
The watersheds were comparable in herb layer cover, with the 
exception of higher cover on WS7 (Table 5), most likely caused by the 
abtmdance of fern species on this northeast facing watershed. Positive 
correlations of herb layer cover to elevation [WS3 (r=0.74, P<0.05); WS4 
(r=0.54, P<0.05)] support the results of Siccama et al. (1970) and 
Whittaker (1956) that herb layer cover increases with elevation. 
Siccama et al. (1970) also demonstrated herb layer response to aspect 
such that areas facing NE to SSE had significantly higher cover values 
than areas facing SSE to WSW. Similarly, herb layer cover values of 
this study were higher for plots facing northeast to southeast 
(27.3±2.1, n=49) than those facing southwest to northwest (16.5±3.0, 
n=11). 
Species diversity values at the Fernow Experimental Forest (Table 
5) were much greater than those reported for a mature oak-hickory forest 
of New Jersey (H'=0.76), but showed a similar negative relationship with 
herb layer cover for the S-SE facing watersheds [WS3 (r=-0.64, P<0.05; 
WS4 (r=-0.66, P<0.05)] (Davison and Forman 1982). In contrast, species 
diversity and species richness were positively correlated to herb layer 
cover on WS13 (r=0.93, P<0.05 and r=0.76, P<0.05, respectively). 
Herb Layer Coyer and Biomass 
Whittaker (1956), Siccama et al. (1970), and Gilliam (1991) used 
regressions of total herb layer cover and harvested biomass to predict 
21 
herb biomass on non-destructively sampled plots. In the present study, 
regressions of herb biomass to cover for each watershed separately were 
not significantly· different, thus the following equation is for all data 
combined: 
y = 0.20 + 0.49x (1) 
where y is biomass (gjm2), xis cover (%), and r2=0.62 (Fig. 4a). This 
equation was derived from individual species values per subplot of all 
fot~ watersheds. Regressions of natural log transformed calculated 
biomass and measu~ed biomass values were highly significant (r2=0.79) 
(Fig. 4b) showing the validity of Equation (1) as a model for predicting 
herb layer biomass. Cover values varied greatly with morphology of 
sampled species such that the majority of species had a 1-5% cover range 
where some, such as L. canadensis and Lycopodium digitatum, exceeded 70% 
cover. 
Herb layer cover data of the Fernow ExPerimental Forest were 
comparable to values reported for other eastern deciduous forests (Table 
6). Herb layer biomass values were on the low end of the 10-100 g(m2 
range reported by Ovington (1962) for temperate forest herbs. Herb 
layer biomass values were similar to that of the Hubbard Brook 
Experimental Forest (Siccama et al. 1970), but considerably lower .than 
those of other studies (Table 6). 
In conclusion, significant differences with stand age were seen in 
the forest canopy but not in the herbaceous layer of these watersheds. 
The canopy of the young watersheds was dominated by E. serotina and had 
a characteristic greater density of smaller stems. The mature 
watersheds had a lower density of larger stems, characteristic of older 
stands, and was dominated by A· saccharum. In contrast, the herb layer 
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Table 6. Herb layer cover and biomass from selected eastern deciduous 
forests. 
Site Forest Type Cover Biomass 
(Source) (%) (g/m2) 
Appalachian hardwood forest, wv WS4 26.4 13.3 
(present study) WS13 17.9 9.1 
WS3 19.3 9.7 
WS7 37.5 18.5 
Northern hardwood forest, NH maple-beech 24.0 7.0 
(Siccama et al. 1970) 
Appalachian oak forest, VA oak-hickory 9.6 11.0 
(McEvoy et al. 1980) 
Appalachian secondary forest, GA hemlock-hardwood 11.7 
KY 42.5 
NC 12.3 
TN 27.6 
(Duffy and Meier 1992) 
Appalachian subalpine forest, wv spruce-fir 44.0 
(Stephenson and Adams 1986) 
Appalachian old-growth forest, wv hemlock-hardwood 36.8 
(Maguire 1979) 
Northern hardwood forest, NJ oak-hickory 31.0 
(Davison and Forman 1982) 
Northern hardwood forest, IL oak-hickory 68.0 
(Bazzaz and Bliss 1971) 
Northern hardwood forest, IL oak-hickory 24.5 
(Peterson and Rolfe 1982) (upland) 
silver maple 88.8 
(floodplain) 
Northern hardwood forest, WI aspen 117.5 
(Zavitkovaki 1976) maple-aspe~-birch --- 63.0 
birch 51.0 
sho~ed little variation between young and mature stands in terms of 
species composition, richness, diversity, and cover. 
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utilize nutrient resources because of physiological mechanisms that 
differentially absorb or exclude elements. Instead, many studies have 
described species niche by comparing tissue nutrient concentrations 
among species (Garten 1978; Woodwell et al. 1975). Garten (1978) states 
that the mineral element composition of plants reflects both 
physiological and environmental interactions that influence species 
niche within communities. The purpose of this chapter is to describe 
plant-soil nutrient relationships of herb layer vegetation. Specific. 
objectives include: (1) to describe and compare physical and chemical 
characteristics of watershed soils, (2) to compare tissue elemental 
composition between watersheds and species, and (3) to determine the 
role of soil nutrient availability in species niche differentiation. 
Data Analysis 
Soil physical and chemical properties and herb tissue macro- and 
micronutrient concentrations from harvested subplots (two per plot) were 
averaged to give mean values per plot. Plot values were averaged to 
give watershed means. Means were compared between watersheds with 
analysis of variance (Zar 1973). Interrelationships of soil and tissue 
nutrients were assessed with Pearson product-moment correlations baaed 
on individual plot means. Mean plot soil variables were subjected to 
canonical discriminant analysis to summarize differences between 
watersheds (CDA; Proc CANDISC; SAS 1982). Related to principal 
component analysis, CDA is especially useful when ordinating more than 
one data matrix (Pielou 1984). Here, there were four matricies, one for 
each watershed. 
28 
In order to summarize between-species variation, tissue and soil 
nutrient data were grouped by species to obtain mean values per species. 
Species means were then subjected to CDA (Proc CANDISC; SAS 1982). In 
these analyses? there were 22 matricies, one for each harvested species. 
The resulting first canonical axes (CAN1) scores from CDA of tissue 
nutrients were compared to CAN1 scores from CDA of soil nutrients using 
Pearson product-moment correlations. All multivariate procedures were 
performed with In-transformed values since the data were not normally 
distributed. 
Results & Discussion 
Soil Pbvsical and Chemical Characteristics 
Soils of the study watersheds showed little variation with stand 
age for most of the characteristics analyzed. The most apparent 
differences were related instead to overall watershed aspect. CDA of 
soil physical and chemical characteristics revealed that texture, pH, 
and N03-N were the predominant factors in differentiating these soils. 
Soils of WS3 and WS4 were very comparable (Fig. 5). Soils of WS7 were 
similar to those of WS3 and WS4 but were slightly higher in pH and sand 
content whereas soils of WS13 were lower in clay and N03-N than the 
other watersheds (Fig. 5). 
Texture analysis classified all watershed soils as sandy loams 
(Table 7). Soils of the southeast facing watersheds (WS3 and WS4) were 
higher in clay and organic matter content than those facing northeast 
(WS7 and WS13) (Table 7). Although water availability was not measured, 
texture values indicated that these soils have moderate water holding 
capacities and are well drained (Jenny 1980; Black 1968). 
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Table 7. Mean phrsical and chemical characteristics of soils from the 
study watersheds. Values given are mean± 1 SE. Means for a given 
variable with different superscripts are significantly different at 
P<0.05. 
Variable -----------------Watershed-------------
WS4 WS13 WS3 WS7 
pH 4. 2±0.lb 4.4±0.2a 4.3±0.1ab 4.5±0.3a 
CEC (meqjlOOg) 4.1±0.1a 4.0±0.9a 5.1±0.9a 4.0±0.3a 
Organic matter (%) 13.8±o.sa 11.4±0.5b 14.2±1.2a 13.4±0.7ab 
Sand (%) 66.0±1.5a 65. 3±l.oa 65. 7±1.9a 68.8±1.4a 
Clay (%) 10.7±0.7ab 7.2±0.4° 12.0±0.9a 9.5±o.sb 
Silt (%) 23.3±1.2a 27.5±o.ab 22.2±1.2a 21.7±1.2a 
31 
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Soils of all watersheds were extremely acidic (Table 7), typical 
of soils from the Appalachian Plateau. This area of the eastern United 
States receives very acidic precipitation and has high rates of N03- and 
S04- deposition (Binkley et al. 1989). Compared to other areas of the 
Southeast, H+, N03-, and S04- deposition at the FEF exceeds values 
reported for pine forests of North Carolina and South Carolina and are 
comparable to values obtained from mixed hardwood stands in Maryland 
(Binkley et al. 1989; Helvey and Ktmkle 1986). In addition to 
atmospheric inputs, weathering of parent material [acid shale and 
sandstone (Forest Service 1987)] contributes to the acidic nature of 
these soils. 
Cation exchange capacity (CEC) of these soils was on the low end 
of the 0.1-40.0 meq/100g scale reported by Black (1968) and values were 
comparable to those of quartzite- (6.5) and dolomite- (7.2) derived 
loamy soils of Utah (Neeley and Barkworth 1984) (Table 7). CEC of these 
soils was more closely associated with soil organic matter than with 
clay (Tables 8-11). CEC was positively correlated with organic matter 
on all watersheds, although this was significant (P<0.05) only on WS3 
(Table 10). Further evidence of the association of CEC with organic 
matter was found in the positive relationship of base cations to CEC and 
organic matter and the negative relationship of these elements to clay 
(Tables 8-11). Organic matter content was higher in soils of the 
southeast facing watersheds than those facing northeast, similar to 
patterns of clay content (Table 7). CEC, however, did not vary with 
aspect (Table 7). Organic matter values of this study were considerably 
lower than those reported for clay loam soils of eastern West Virginia 
(~39%) (Stephensen and Adams 1986). Organic matter was positively 
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correlated to elevation on WS4 (Table 8), WS3 (Table 10), and WS7 (Table 
11) corresponding to increased herb layer cover (greater amounts of 
litter) at higher elevations. 
Soils of the study watersheds showed few differences in mean 
macro- and micronutrient concentrations. Patterns of decreased 
exchangeable cations, typical of recovering clearcut forests, were not 
observed (Albert and Barnes 1987; Covington 1981), suggesting that these 
forest soils have returned to precut conditions. Variations with aspect 
did occur such that soils of watersheds facing southeast were higher in 
N03~N and Fe (Table 12) concentrations and lower in pH (Table 7). Of 
the available forms of N, N03-N concentrations exceeded NH4-N on the 
southeast facing watersheds whereas the reverse was true for northeast 
facing watersheds (Table 12). Concentrations of nutrients in the 
extractable soil pool were such that Ca > Mg 2 K > P on all watersheds, 
similar to the results of Peterson and Rolfe (1982) for soils of east 
central Illinois. Soils of the study site were lower in exchangeable 
Ca, K, and Mg and higher in available P compared to acidic West Virginia 
clay loam soils of shale, sandstone, and limestone origins (Stephensen 
and Adams 1986) (Table 13). Values of Ca, K, Mg, and P exceeded 
available concentrations from acidic upland soils of the lower Coastal 
Plain of South Carolina (Gilliam 1988) yet were generally less than 
values obtained for silty loam soils of Utah (Neeley and Barkworth 1984) 
and Illinois (Peterson and Rolfe 1982) (Table 13). 
Gilliam (1983) and Graves and Monk (1982) demonstrated that 
several soil chemical properties are interrelated. In the present 
study, correlations of soil nutrients were such that pH, Ca, K, and Mg 
had several significant correlations with other soil variables whereas 
Table 12. Mean soil macronutrient and micronutrient concentrations. 
Values given are mean (ueqjg) ± 1 SE. Means for a given nutrient with 
different superscripts are significantly different at P<0.05. 
Soil Nutrient ----------------Watershed -------------
WS4 WS13 WS3 WS7 
Macronutrients 
Ca 4.7±0.4a 8.1±2.1a 15.6±9.4a 4.1±0.3a 
K 2.1±0.1a 2.3±0.2a 2.3±0.3a 2.2±o.za 
Mg 1.5±0.1a 3.2±1.3a 2.5±o.sa 1.7±0.1a 
p 1.4±0.1a 0.4±o.oa 1.2±0.1a 1.3±0.9a 
N03-N 1.9±0.3ab 0.5±Q.1C 2.4±0.4a 1.0±o.zbc 
NH4-N 0. 7±0.1a 2.0±0.2a 0.9±0.1a 2.0±0.2a 
Micronutrients 
38 
Cu 0.02±o.oa o.01±o.ob 0.01±0.ob O.Ol±O.oab 
Fe 2.36±0.6a 1.00±0.3b 2.14±0.4ab 1.18±0.3ab 
Mn 2.00±0.3a 2.18±0.3a 1.75±0.3a 1.47±0.2a 
Zn 0.15±0.1a 0.07±0.oa o.05±o.oa 0.04±o.oa 
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Table 13. Comparison of soil nutrients among soils of differing acidity 
and texture. Values given are mean nutrient concentrations in ueq/g. 
Site Texture Ca K Mg p pH Source 
wv sandy loam .8.1 2_2 2.3 1.1 4.30 present study 
wv clay loam 28.3 11_9 3.5 0_4 4.00 Stephenson and Adams 
(1986) 
sc clay loam 11.5 0.8 5.3 3.7 4.49 Gilliam (1988) 
IL silt loam 91_5 2.7 17.1 5.5 5.83 Peterson and Rolfe 
(1982) 
UT sandy loam 2.5 0.1 0.7 6.20 Neely and Barkworth 
(1984) 
UT loam 11.0 0.5 5.6 --- 7.00 Neely and Barkworth 
(1984) 
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P, NH4-N, Cu, and Fe were all relatively independent variables (Tables 
8-11). In particular, soil pH was positively correlated with Ca, Mn, 
and Zn and negatively correlated with Fe (Tables 8-11). Positive 
correlations between base cations were also seen on all watersheds 
(Tables 8-11). The significant correlations of pH, Ca, K, and Mg with 
other soil variables suggest that parent material represents the 
ultimate control of soil fertility in these forests (Gilliam and Roberts 
1990). Significant positive correlations of organic matter to available 
N03-N, K, and Mg indicates that organic matter represents proximate 
control of soil fertility (Gilliam and Roberts 1990) (Tables 8-11). 
Soil interrelationships should be remembered when considering herb-soil 
interactions (Graves and Monk 1982). For example, plants fotmd on soils 
with relatively high pH may be positively correlated with soil Ca, Mn 
and Zn regardless of whether plant growth is influenced by these 
factors. 
Herb Laver Tissue Nutrients 
Herb tissue was harvested at a time to represent peak nutrient 
levels for herb layer plants (Peterson and Rolfe 1982; Grigal and Ohmann 
1980). With all species combined, virtually no differences were seen in 
mean tissue nutrient concentrations between watersheds with the 
exception of higher N values in samples from WS3 and WS7 (Table 14), 
typical of plants in early successional forests (Tilman 1986). A lack 
of variation in tissue nutrients among sites is often caused by more 
rapid growth of herbs in fertile sites (larger dilution of the plant 
nutrient pool) and "luxury consumption" by herbs adapted to infertile 
sites (Chapin 1980). Herb layer tissue macronutrient concentrations 
were comparable to values obtained from the Hubbard Brook ExPerimental 
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Table 14. Mean macronutrient and micronutrient concentrations of herb 
layer tissue. Values given are means ± 1 SE. Means for a given 
nutrient with different superscripts are significantly different at 
P<0.05. 
Nutrient ----------------Watershed---------------
WS4 WS13 WS3 WS7 
Macronutrients (% dry weight) 
Ca 0. 7±0.1a O.B±O.la 0.8±0.2a 0.5±0.1a 
K 1.9±0.2b 2.5±0.3ab 2.4±0.3ab 3.0±0.4a 
Mg 0.2±o.oab 0.3±o.oa o.2±o.ob o.3±o.oab 
p 0.2±o.oa O.l±o.oa 0.2±o.oa O.l±o.oa 
N 2.0±0.1b 2.0±0.lb 2.3±0.1ab 2.4±0.1a 
Micronutrients (ppm) 
Al 334.3±83.7b 572.6±122.2ab 822.3±277.oa 291.7±29.4b 
B 28.4±1.7a 18.3±2.7bC 24.5±1.4ab 15.1±2.30 
Cu 8.3±o.sb a.B±o.sab 9.9±o.sa 9.0±0.4ab 
Fe 180.6±55.7ab 341.3±7a.oab 355.0±87.1a 156.9±14.2b 
Mn 1487.0±329.5a 999.5±132.4ab 841.3±71.9b 991.9±75 .. 1ab 
Zn 45.3±2.8b 51.7±4.7ab 57.6±7.2ab 65.3±4.6a 
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Forest (Siccama et al. 1970), generally lower than values from hardwood 
forests of Minnesota (Grigal and Ohmann 1980) and Illinois (Peterson and 
Rolfe 1982), yet greatly exceeded values from pine-flatwoods of the 
South Carolina Coastal Plain (Gilliam 1983) (Table 15). 
Correlations among herb layer tissue nutrient concentrations can 
be useful in interpreting limiting nutrients and other soil factors in 
ecosystems (Gilliam 1988). Such correlations varied somewhat between 
watersheds but generally corresponded to the physiological "element 
sets" described by Garten (1976;1978). There were significant positive 
relationships of N:P [the nucleic acid-protein element set (Garten 
1976;1978)] on all watersheds and of Mg:Ca [the structural element set 
(Garten 1976;1978)] on WS3 and WS13 (Table 16). Strong positive 
correlations of N to base cations were seen on all watersheds except WS7 
(Table 16), suggesting low N availability and possibly N-limitation in 
these forest soils (Gilliam 1988). The lack of tissue nutrient 
relationships on WS7 may be related to its difference in species 
composition (primarily fern species, Table 4) and the accompanying 
physiological differences in nutrient requirements. 
Although soil and tissue nutrient concentrations showed few 
differences between watersheds, correlations of these factors varied 
considerably between watersheds. Correlations of soil and tissue N were 
significant for N03-N but not for NH4-N suggesting that N03-N was the 
primary sotwce of N for all watersheds. Significant correlations of 
soil:plant Ca, K, Mg, and P on WS3 and WS4 demonstrated that soil pools 
were the major source of nutrients for herbs of these watersheds (Table 
17). On the other hand, there were no significant correlations for 
either WS7 or WS13 (with the exception of soil N03-N:plant N for WS7). 
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Table 15. Comparison of herb layer tissue nutrients among various 
forest types. Values given are mean nutrient concentrations as % dry 
weight. 
Site Forest N p Ca K Mg Source 
wv hardwood 2.2 0.2 0.1 2.5 0.3 present study 
NH hardwood 2.4 0.2 0.8 3.1 0.3 Siccama et al. (1970) 
· IL hardwood 2.3 0.4 1.5 4.8 0.3 Peterson and Rolfe 
(1982) 
hardwood 1.4 0.4 2.1 3.3 0.5 Grigal and Ohmann 
(1980) 
sc pine- 1.1 0.1 0.8 0.9 0.2 Gilliam (1983) 
flatwoods 
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Table 16. Correlation matricies of herb layer tissue macronutrients. 
Values given are Pearson product-moment correlation coefficients. 
N Ca K Mg 
~ 
Ca 0.41 
K 0.91* 0.41 
Mg 0.89* 0.33 0.82* 
p 0.86* 0.63* 0.87* 0.72* 
~ 
Ca 0.67* 
K 0.96* 0.72* 
Mg 0.94* 0.69* 0.95* 
p 0.84* 0.42* 0.73* 0.78* 
YiS.a 
Ca 0.61 
K 0.84* 0.84* 
Mg 0.11* 0.85* 0.94* 
p 0.68* 0.62* 0.63* 0.54 
NS1 
Ca 0.40 
K 0.18 0.14 
Mg 0.56 0.35 0.27 
p 0.68* 0.77* 0.25 0.55 
*significant at P<0.05 
Table 17. Correlations of soil and herb layer tissue macronutrients. 
Values given for each nutrient are Pearson product-moment correlation 
coefficients (significant at P<0.05) between total plant tissue and 
extractable soil concentration for that nutrient. 
Nutrient 
---------------Watershed---------------
WS4 WS13 WS3 WS7 
0.87 
0.63 
0.61 
0.74 
0.84 
0.69 
0.72 
0.59 
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These differences in nutrient relationships again may be due to 
variations in important species among the watersheds (Table 4). These 
variations in species importance could potentially affect ecosystem 
nutrient cycling (i.e., soil and tissue nutrient relationships) through 
species differences in uptake, loss, and litter quality (Hobbie 1992). 
Herb Laver Species Niche Differentiation 
Elemental composition varied greatly among the herb layer species 
of this study. Laportea canadensis and YiQla spp. were consistently 
higher in tissue N, Ca, K, and Mg (Table 18) compared to other harvested 
species. To better illustrate interspecific differences in total 
nutrient content, CDA of tissue nutrient concentrations arranged the 
species in a tissue element hyperspace (Garten 1978; Woodwell et al. 
1975) (Fig. 6). Similarities of mineral element content among species 
may be interpreted by proximity of mean axis scores. Results showed 
that woody herb layer species (~ pensylvanicum, Yaccinium yacillans, 
Smilax rotuodifolia, etc.) were lower in Mg and N concentrations than 
herbaceous species (YiQla spp., L. canadensis, Dryopteria marginalia, 
etc.) (Fig. 6). Woodwell et al. (1975) obtained similar results of 
greater concentrations of N, P, Mg and Fe in lower forest strata whereas 
Boring et al. (1981) showed higher concentrations of N and P in woody 
successional species. 
To address the question of how tissue nutrients related to soil 
nutrients, soil nutrient concentrations from harvested subplots were 
grouped by species.and subjected to CDA. Results showed that woody herb 
layer species were found in lower Ca and Mg soils compared to herbaceous 
species (Fig. 7). When comparing species positions in tissue and soil 
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element hyperspace, most species occupied similar locations in both 
(Figs. 6 & 7). Four species (Lycopodium digitatum, Eubua sp. D. 
marginalis, and D. carthusiana), however, exhibited contrasting 
patterns. These four species had high tissue Mg concentrations (Fig. 6) 
yet were found on soils with lower concentrations of available Mg (Fig. 
7), suggesting that they were superior competitors for Mg compared to 
other species. 
Correlations of mean CANl axis scores for each species from Fig. 6 
and Fig. 7, indicated that tissue and soil nutrients were significantly 
related (r2=0.26,P<0.01), suggesting that species niche is, in part, 
determined by the availability of soil nutrients (Fig. 8). These 
results contradict those of Boyd and Hess (1970) and Tyler (1976) who 
found weak correlations of soil nutrients and plant chemical composition 
in semiaquatic species and Anemone nemorosa, respectively, suggesting 
that plant-soil relationships vary greatly with habitat. 
To further illustrate how species niche related to soil nutrient 
availability, mean soil nutrient values were obtained by species and 
compared with species position in the tissue element hyperspace. These 
comparisons indicated that certain nutrients were more influential to 
species niche than others. Of the available forma of soil N, NOs-N 
concentrations were higher in soils supporting herbaceous species 
whereas NH4-N concentrations were consistent among soils supporting 
herbaceous and woody herb layer species (Fig~ 9 a & b). P values were 
also relatively uniform among herb layer species with the exception of 
D. carthusiana which was found on soils with very high P concentrations 
(Fig. 9 c). The base cations showed patterns of higher soil Ca and Mg 
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in _areas occupied by herbaceous species whereas K values did not (Fig. 9 
d, e, & f). 
These results demonstrate resource partitioning in these herb 
layer communities (Woodwell et al. 1975; Gerloff et al. 1966), such that 
herbaceous species were superior competitors for NOs-N, Ca, and Mg. 
Some species, such.aa Prunus serotina and A. penavlvanicum; Easua 
graudifolia and Sassafras albidum; and D. marginalia and D. carthusiana, 
did not differ significantly in tissue and soil nutrient concentrations 
(Tables 6 & 7). This suggests that niche differentiation among these 
species must be due to competition for unmeasured parameters such as 
light and/or soil moisture. 
Chapter V 
Jaotora Influenoina Herb Layer Development 
During Forest Succession 
Introduction 
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Herb layer vegetation of early successional forests is dominated 
by stump sprouts, herbs, and shrubs (Wilson and Shure 1993; Phillips and 
Shure 1990; Boring et al. 1981). These initial species act to sequester 
nutrient loss from disturbed ecosystems (Vitousek and Reiners 1975) and 
to re-establish stand structure (Wilson and Shure 1993). Within 
successional forests, herb layer vegetation responds to a variety of 
environmental factors including soil moisture and fertility (Graves and 
Monk 1982; Chapin 1980; Bratton 1976; Siccama et al. 1970) as well as 
light availability (Phillips and Shure 1990; Anderson et al. 1969), 
often a function of canopy closure. Herb layer response to these 
factors often changes, such that early successional species are limited 
by soil nutrient availability, whereas later successional species, 
following nutrient accumulation in forest biomass (Vitousek and Reiners 
1975) and canopy closure, are light-limited (Tilman 1985). This 
competition for available resources during succession leads to changes 
in herb layer species importance from high light, high nutrient 
requiring herbaceous species to lower light, lower nutrient tolerant 
woody species (Wilson and Shure 1993; Tilman 1986; Kochenderfer and 
Wendel 1983; Parrish and Bazzaz 1982; Boring et al. 1981). 
Few studies have described herb layer response to soil and canopy 
characteristics in relation to stand age. Herb layer cover, 
composition, species diversity, and species richness of the study 
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watersheds did not vary with stand age (Chapter III; this thesis). In 
addition, soil fertility did not appear to vary with stand age since 
neither soil nor tissue nutrient concentrations differed between 
watersheds (Chapter IV; this thesis). This lack of variation in herb 
layer and soil characteristics allows for further investigation into the 
factors controlling herb layer development considering that such factors 
are not related to discrepancies in watershed species composition or 
parent materials. Gilliam and Turrill (1993) have hypothesized that 
herb layer vegetation of central Appalachian hardwood forest is 
nutrient-limited in early forest succession and light-limited in later 
successional stages. The purpose of this chapter is to test this 
hypothesis by: (1) examining relationships of herb layer vegetation to 
canopy and soil characteristics with regards to stand age and (2) 
comparing ratios of herbaceous to woody herb layer species with regards 
to stand age. 
Data Analysis 
All stand (elevation, overstory and understory basal area and 
density) and soil (pH, CEC, organic matter, texture, macro-, and 
micronutrient concentrations) variables were averaged to yield mean 
values per plot. Natural log-transformed plot means were then subjected 
to principle component analysis (PCA: Proc PRINCOMP; SAS 1982) to 
explain within-watershed variation of stand and soil characteristics. 
Mean herb layer cover was correlated to each principle axis to determine 
which stand and soil variables had the most influence on herb layer 
development. 
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In order to compare successional changes in herb layer species 
composition, herb layer species were first classified as "herbaceous" or 
"woody." Mean herb layer cover values were obtained for each class of 
species by watershed and compared within watersheds using Duncan's 
Multiple Range Test (Zar 1973). 
Results and Discussion 
Canopy and Soil Influences on Herb Laver Development 
The study watersheds provided a chronosequence upon which to test 
the hypothesis of Gilliam and Turrill (1993). In their study, Gilliam 
and Turrill (1993) used Pearson product-moment correlations to 
demonstrate response of herb layer cover to soil fertility in a young 
stand (WS3) and to canopy dynamics in a mature stand (WS4) of the Fernow 
Experimental Forest. Multivariate analysis (PCA) of these same data and 
those of WS7 and WS13 support their hypothesis. On WS4 c->80 yr), herb 
layer cover was negatively correlated to understory density (Fig. lOa) 
and did not respond to soil fertility. On WS13 (->65 yr), the herb 
layer responded to both stand and soil variables such that high herb 
layer cover was found on sites with low understory density and high 
concentrations of soil Zn, Mn, and Cu (Figs. 10 b & c). Similarly, herb 
layer cover on WS3 (~20 yr) was positively correlated to soil Mg, Zn, 
and Cu (Fig. 11 a) and to elevation and overstory basal area (Fig. 11 
b). High herb layer cover on WS7 (""20 yr) was found on sites high in 
soil Mn, K, and Mg but did not correlate with stand variables (Fig. 11 
c). 
Interpretation of these results may be found in the stand history 
and subsequent development of these watersheds. Following clearcutting, 
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full stratification into overstory and understory strata does not occur 
until >60 yr (Borman and Likens 1979). WS3 and WS7 were relatively 
even-aged and not fully differentiated into overstory and understory 
strata whereas·WS4 and WS13 were mixed-aged and fully stratified (Table 
2). This suggests that herb layer development on WS4 and WS13 may be 
responding to changes in light availability created by variation in the 
understories of these stands (Reader and Bricker 1991; Phillips and 
Shure 1990; Anderson et al. 1969). On WS3 and WS7, where light 
availabilitY is relatively uniform since complete canopy closure and 
stratification have not occurred, herb layer development appeared to 
respond to variations in soil fertility. The correlations of herb cover 
to both stand and soil variables on WS13 and WS3 represented transitions 
in the stand-age gradient. WS13 was cut (selection cut) more recently 
than WS4 leaving gaps in the forest canopy where light availability was 
not limiting and herb layer development responded somewhat to soil 
fertility. The canopy of WS3 developed more rapidly and consisted of 
numerous stump sprouts causing light availability to vary more so than 
on WS7 where all vegetation developed from the existing seed bank. 
Successional Changes in Species lmPQrtance 
The proportion of herbaceous to woody species in herb layer 
vegetation also varied among the watersheds. Cover of herbaceous 
species on WS3 and WS7 was significantly higher than that of woody 
vegetation, whereas cover of herbaceous species on WS4 and WS13 was not 
significantly different than that of woody species (Fig. 12). These 
data suggest that species importance of herb layer vegetation shifts 
from high herbaceous species dominance in younger successional stands to 
shared dominance of herbaceous and woody species in more mature stands. 
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When considering the physiological requirements of these species, 
these results also support the hypothesis of Gilliam and Turrill (1993). 
Herbaceous species tend to demand greater amounts of nutrients (Figs. 6 
& 7) and light (Reader and Bricker 1991; Phillips and Shure 1990) 
compared to woody species. In studies by Tilman (1986) and Parrish and 
Bazzaz (1982), early successional species grew best at high nutrient 
concentrations, whereas mid- to late-successional species thrived at 
moderate to low nutrient levels. This would explain the dominance of 
herbaceous species in early, nutrient-influenced successional stages. 
The increase in importance of woody herb layer species is caused by the 
decline in herbaceous species in response to canopy closure. 
Herbaceous vegetation requires high light availability as shown by 
Wilson and Shure (1993). In their experiment, removal of woody 
seedlings from herb layer vegetation produced a great increase in 
herbaceous species cover in response to increased light availability. 
Removal of herbaceous cover, as would be expected in later, light-
limited stages of succession, caused a proliferation of woody species 
due to decreased competition for available nutrients (Wilson and Shure 
1993). 
In conclusion, light availability seemed to determine the 
proportions of herbaceous and woody herb layer vegetation such that in 
early successional stages, when light availability is high, herbaceous 
species out compete woody species. In contrast, woody species out 
compete herbaceous species in later stages of forest succession when 
light availability decreases. 
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CONCLUSIONS 
The study watersheds provided a chronoseguence upon which to 
examine how herb layer and soil characteristics and plant-soil 
interactions vary during forest succession. The study watersheds 
differed greatly in canopy structure. The mature stands (~>70 yr) were 
characterized by a lower density of larger stems of primarily ~ 
saccharum. The younger stands ( ""20 yr) were dominated by Pomus 
serotina with a greater density of smaller stems. In contrast, herb 
layer richness, diversity, cover, biomass, and species composition did 
not vary with stand age. L,aoortea canadensis, ful.a spp. and Smilax 
rotundifolia were abundant on all watersheds whereas Pryopteria 
carthusiaoa, D. marginalia, and Polysticbum acroatichoides were of equal 
or greater importance.on the younger watersheds. Herb layer cover was 
greater at higher elevations and on northeast facing slopes. Herb layer 
species richness and cover values were comparable to those of other 
secondary eastern deciduous forests. 
Soils of all watersheds were acidic sandy loams with low to 
moderate cation exchange capacities. Soil and herb layer tissue 
nutrient concentrations did not differ among the watersheds suggesting 
that they were of similar fertility. Concentrations of available 
nutrients in the soil pool were such that Ca> Mg2 K> P. Correlations of 
soil and tissue nutrients showed that soil N03-N was the primary source 
of N on all watersheds. Significant correlations of soil and plant Ca, 
K, Mg, and P were observed on the southeast facing watersheds but not on 
those facing northeast. These variations in plant-soil nutrient 
interactions were due to differences in important species (abundance of 
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fern species on northeast facing watersheds) and the accompanying 
physiological differences in nutrient uptake, loss, and litter quality~ 
Elemental composition varied greatly among herb layer species such 
that herbaceous species had higher concentrations of N and Mg than woody 
species (shrubs and seedlings)~ Soil nutrients were shown to be 
important factors in niche differentiation with herbaceous species being 
superior competitors for NOs-N, Ca, and Mg compared to ~oody species. 
Niche differentiation among D~ carthusiana and D. marginalia as well as 
woody seedlings did not respond to soil nutrients and, thus, was most 
likely determined by unmeasured parameters such as light availability. 
Finally, herb layer development of the younger watersheds was 
shown to be nutrient-limited whereas that of the mattwe watersheds was 
light-limited. There was a steady increase in the importance of woody 
herb layer species during forest succession in response to decreasing 
availabilities of light and the accompanying decline in herbaceous 
species cover. Light availability appeared to determine the proportions 
of herbaceous and woody herb layer species such that in early 
successional stages, when light availability was high, herbaceous 
species out-competed woody species for available resources~ 
Consequently, as forest succession progressed and light availability 
declined due to canopy closure, woody species out-competed moat 
herbaceous species and occupied a more equal proportion of the herb 
layer. 
12 
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APPENDIX II 
Species encountered within WS3, WS4, WS7, and WS13 sample plots of the 
Fernow Experimental Forest, Parson, WV. Nomenclature follows Gleason 
and Cronquist (1991). 
Aceraceae 
~ pensvlvanicum L. 
A. rubrum L. 
A. sacchartm Marshall 
Apiaceae 
Osmorhiza claytonii (Michx.) C.B. Clarke 
Q. longistylis (Torr.) DC 
Sanicula canadensis L. 
Araliaceae 
Aralia spinosa L. 
Aspleniaceae 
Dryopteris marginalia (L.) A. Gray 
~ carthusiaoa (Villars) H.P. Fuchs. 
Polystichum acrostichoides (Michx.) Schott. 
Asteraceae 
~ sp. L. 
Coreopsis ~ Walter 
Berberidaceae 
Caulophyllum thalictroides (L.) Michx. 
Podophyllum peltatum L. 
Betulaceae 
AlDua serrulata (Aiton) Willd. 
Betula len:ta L. 
Ostrya yirginiana (Miller) K. Koch 
Campanulaceae 
LQbelia inflata L. 
Caprifoliaceae 
Viburnum acerfolium L. 
Caryophy llaceae 
Stellarja pubera Michx. 
Celastraceae 
Qelastrus acandens L. 
Clusiaceae 
Triadenum yjrgjnicum (1.) Raf. 
84 
Cornac~ sylyatica Marshall 
Crassulaceae . 
~ ternatum M1chx. 
L. 
(Walter) J.F. Gmelin 
DC 
Fagaceae dentata (Marshall) Castanea · 
~ graudifolia Ehrh. 
Quercus~ L. 
Q. coccinea Muenchh 
G. prinus L. 
Q. r:u.bra L. 
Juglang:~:eglabra (Miller) Sweet 
.Gacra sp. Nutt. 
(Michx. ) Torr. 
Borkh. 
Nees 
Elliot 
85 
Monotropaceae 
Monotropa uniflora L. 
Oleaceae 
Frax:inus amer ican.a L. 
Onagraceae 
Circaea lutetiaoa L. 
Qphioglossaceae 
8 
t 
Botrychium yirginiana (L.) war z 
Ophioglossum vulgatum L. 
Orchidaceae . 
Cypripedium acaule A1ton 
Osmundaceae 
Osmunda cinnamomae L. 
Qxalidaceae 
Oxalis stricta L. 
Phyto laccaceae 
Pbytolacca americana L. 
Poacea~rachyelvtrum erectum (Schreber) P. Beauv. 
Panicum. spp. L . 
.EQa spp. L. 
Polygonaceae cristatum (Engelm & Gray) Gleason Polygonum scandens var. 
E. yirginianum L 
Ranunculaceae . 
Aquilegia canadens1s L. 
Cimicifuga racemosa (L.) Nutt. 
Ranunculus sp. L. 
Rosaceae (M' hx f.) Fernald Amelanchier arborea ulC . 
Qrateagus sp. L. . 
Potentilla simplex Mlchx. 
E. canadensis L. 
Prunus serotina Ehrh. 
RQaa multiflora Thunb. 
RQaa spp. L. 
R:ub1J.a spp. L. 
86 
Simaroubaceae altissima (Miller) Swingle Ailanthus ~_..J._ _  .w.,_oio.Ji,U,~-
s. Watts 
Ulmace~ r:ubra Muhl. 
Violaceae 
Y.iQla spp. L. 
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